The distribution of some heavy metals in three different organs of mullet, Liza abu, and catfish, Silurus triostegus, from Atatürk Dam Lake located on Euphrates (Turkey) was studied. Co and Mo concentrations were below limits of detection in all fish organs, whereas Ni was also below limits in organs of mullet. The metal accumulation in the liver and gill of L. abu and S. triostegus was found to be quite high in comparison with the muscle. In general, the concentrations are similar to those previously observed on other fish studied in Atatürk Dam Lake and lower than those determined in Tigris River. The analysed metals (Co, Cu, Fe, Mn, Mo, Ni and Zn) were found in fish muscle at mean concentrations under the permissible limits proposed by FAO. D
Introduction
Intense activity in the industrial and agriculture sectors has inevitably increased the levels of heavy metals in natural waters (Gümgüm et al., 1994; Freedman, 1989; Akif et al., 2002; Tarras-Wahlberg et al., 2001; Nimmo et al., 1998; Barlas, 1999; Jordao et al., 2002) . For these reasons, it is important to determine the concentrations of heavy metals in commercial fish in order to evaluate the possible risk of fish consumption for human health (Cid et al., 2001) . A lot of studies have been published on the heavy metal levels in the aquatic environment (e.g. Abaychi and Al-Saad, 1988; Das et al., 1994; Eromosele et al., 1995; Tariq et al., 1996; Ayas and Kolankaya, 1996; Kargin, 1998; Zauke et al., 1999; Kalay et al., 1999; Zyadah and Chouikhi, 1999; AvenantOldewage and Marx, 2000; Guhathakurta and Kaviraj, 2000; Ogindo, 2001; Al-Saleh and Shinwari, 2002; Svobodova et al., 2002; Fox et al., 2002; Mansour and Sidky, 2002; Yazkan et al., 2002; Tüzen, 2003; Canli and Atli, 2003) .
Fish are at the higher levels of the food-web and may accumulate large amounts of some metals from the water.
Accumulation patterns of contaminants in fish and other aquatic organisms depend both on uptake and elimination rates (Hakanson, 1984; Güven et al., 1999) . Heavy metals are taken up through different organs of the fish because of the affinity between them. In this process, many of these heavy metals are concentrated at different levels in different organs of the body (Scharenberg et al., 1994; Rao and Padmaja, 2000; Bervoets et al., 2001) .
Atatürk Dam Lake, situated on the Euphrates River, is the largest dam lake in Turkey, and is used for irrigation and electrical energy production. Its area and volume are about 81,700 ha and 48,700,000,000 m 3 , respectively. About 28 fish species have been recorded (Kuru, 1978; Bozkurt, 1994) , and mullet and catfish are edible species in the reservoir. (Oymak et al., 2001) . Recently, agricultural and industrial developments as well as increase in population have substantially increased the contamination of the Atatürk Dam Lake. Because potential contamination of fish with heavy metals might be crucial for the future exploitation of this resource, available data are urgently needed on this issue. A potentially prospective pollution may affect not only this region but also Syria and Iraq via Euphrates River. A few studies were performed about heavy metal levels in the reservoir (Karadede et al., 1997; Ü nlü, 1998, 2000) . Data exist for mullet, Liza abu, and catfish, Silurus triostegus, which are endemic species for Tigris and Euphrates River systems and a commercial species in the reservoir.
The aim of this study is to evaluate heavy metal concentrations (Co, Cu, Fe, Mn, Mo, Ni and Zn) in muscle, liver and gill of an omnivorous fish mullet (L. abu) and a carnivorous catfish (S. triostegus) collected from the Atatürk Dam Lake by using an atomic absorption spectrophotometer (AAS).
Material and methods

Sampling
Fish samples (L. abu and S. triostegus) were collected by professional fishermen by using multifilament, nylon gill nets of mesh sizes ranging from 18 mm for mullet and 45 mm for catfish and lengths ranging from 30 to 50 m, which were set at approximately 3 m depth from the locations, shown in Fig. 1 , at Atatürk Dam Lake during the summer 1997. Of 10 mullet samples, 6 were caught at Bozyazi and 4 at Akpinar, whereas all of 5 catfish samples were obtained at Bozyazi. The size and weight of each fish species were measured and given in Table 1 . The sediment samples were collected in triplicates by using a box sediment grap, and water samples were also taken from the same localities. Their analysis methods and results were presented in our previous paper (Karadede and Ü nlü, 2000) .
Fish samples were transported to the laboratory in a thermos flask with ice on the same day. Approximately 4 g of the epaxial muscle on the dorsal surface of the fish, the entire liver and two gill racers from each sample were dissected, washed with distilled water, dried in filter paper, weighed, packed in polyethylene bags and kept at À 30 jC until analysis.
Analytical procedures
The wet samples that were weighed before and 5 ml of nitric acid (65%) were placed into the digestion bombs and digested in a microwave digestion system (CEM-MDS 2000) . The advantages of microwave digestion against the classical method are the shorter time and keeping volatile compounds in the solution (Gulmini et al., 1994; Krushevska et al., 1993; Sures et al., 1995; Aucoin et al., 1999) . After digestion, the sample was cooled to room temperature and diluted to 25 ml with 2.5% of HNO 3 .
All reagents were of analytical reagent grade. Deionized water was used throughout the study. All the plastics and glasswares were washed in nitric acid for 15 min and rinsed with deionized water before use. Instrument calibration standard solutions were prepared from commercially available materials. High purity argon was used as inert gas.
The metal analyses of samples (Co, Cu, Fe, Mn, Mo, Ni and Zn) were carried out by using a UNICAM-929 flame atomic absorption spectrophotometer (AAS). The concentrations of heavy metals are expressed as Ag/g wet weight of tissue. The absorption wavelength and detection limits were 240.7 nm and 0.007 ppm for Co; 324.7 nm and 0.003 ppm for Cu; 248.3 nm and 0.005 ppm for Fe; 279.5 nm and 0.003 ppm for Mn; 313.3 nm and 0.04 ppm for Mo; 232.0 nm and 0.008 ppm for Ni; 213.9 nm and 0.002 ppm for Zn, respectively.
Results
The concentrations of heavy metals expressed in Ag/g wet tissues in muscle, liver and gill of mullet, L. abu, and catfish, S. triostegus, are summarized in Table 2 . Accordingly, Co and Mo were below the limits of detection ( < 0,03) in each case, whereas Ni was also below the limits of detection in the tissues of L. abu.
In general, different tissues showed different capacities for accumulating heavy metals. The highest metal concentrations were found in the liver and gill. However, the muscle tended to accumulate less metal. Heavy metal levels considerably varied among individuals of the same In mullet, L. abu, mean Cu (267.45 Ag/g), Fe (200.86 Ag/ g), Mn (5.05 Ag/g) and Zn (36.92 Ag/g) concentrations appeared considerably higher in the liver than in other tissues and those determined in catfish (S. triostegus). No significant variations were found for Cu concentrations in the liver (6.45 Ag/g), muscle (4.27 Ag/g) and gill (5.06 Ag/ g), while Fe and Zn concentrations in the liver and gill of catfish were higher than those given for muscle.
Mean concentrations in the liver, gill and muscle of mullet follows the sequence: Cu>Zn>Fe>Mn; Fe>Zn>Cu> Mn; Zn>Fe>Cu>Mn, respectively, while in liver, gill and muscle of catfish, the distribution follows the order: Fe>Zn>Cu>Mn>Ni; Zn>Fe>Cu>Mn>Ni; Zn>Fe>Cu> Ni>Mn, respectively.
The distribution pattern of Cu, Fe, Mn and Zn follows the order: liver>gill>muscle in mullet; while Cu and Fe follow the sequence: liver>gill>muscle; Ni, Mn and Zn follow the sequence: gill>liver>muscle in catfish.
The results of the present study are used to elucidate the accumulation patterns of heavy metals between mullet and catfish in the Atatürk Dam Lake. In this respect, we used mullet as a reference to determine the relative accumulation indices (RAI). Relative accumulation of heavy metals is summarized in Table 3 . In catfish muscle, Cu and Zn concentrations were higher than those observed in mullet. However, liver accumulation for all metals except for Fe was found higher in mullet than those in catfish. Cu concentrations in the liver appeared considerably higher in mullet than in catfish.
Discussion
Knowledge of heavy metal concentrations in fish is important both with respect to nature management and human consumption of fish. The highest metal concentrations were found in the liver and gill, while the muscle tended to accumulate less metal. The metal concentration in muscle tissue is important for the edible parts of the fish. The mean concentrations of heavy metals analysed in the muscle of mullet and catfish were lower than the maximum permitted concentrations proposed by FAO (1983) . However, mean levels of Cu, Fe and Zn in the liver of L. abu and S. triostegus, except Cu in the latter, were higher than limits given for fish muscle (FAO, 1983) .
Different heavy metal levels were observed between the mullet, L. abu, and catfish, S. triostegus. In catfish muscle, heavy metal concentrations were higher than those observed in mullet. Cu concentrations in liver appeared considerably higher in mullet than in catfish. Similarly, the highest concentrations of Fe and Cu in liver were recorded in Liza macrolepis in the coastal waters off Ann-Ping (Taiwan, 1999; Chen and Chen, 2001 ). This situation was also determined experimentally in L. macrolepis (Chen and Chen, 1999) . Heavy metal levels in different species depend on feeding habits (Amundsen et al., 1997; Romeoa et al., 1999; Mormede and Davies, 2001; Watanabe et al., 2003) , age, size and length of the fish (Linde et al., 1998; AlYousuf et al., 2000) and their habitats (Canli and Atli, 2003) .
The relatively high concentrations of heavy metals in liver and gill were also found in different species of fish in Tigris River and Atatürk Dam Lake (Ü nlü et al., 1996; Karadede and Ü nlü, 2000) . Metal concentrations in the liver of mullet were lower than those values for L. abu in the Tigris River (Ü nlü et al., 1996) and for Mugil cephalus in the Mediterranean Sea (Canli and Atli, 2003) . However, the results of the present study were higher than those reported in the mullet, M. cephalus, in the Gulf of Antalya (Yazkan et al., 2002) . The concentrations of metals in the gill reflect the concentrations of metals in the waters where the fish species live, whereas the concentrations in liver represent storage of metals (Romeoa et al., 1999; Rao and Padmaja, 2000) . Thus, the liver and gill in fish are more often recommended as environmental indicator organs of water pollution than any other fish organs. This is possibly attributed to the tendency of liver and also the gill to accumulate pollutants at different levels from their environment as previously reported in literatures (Al-Yousuf et al., 2000; Canli and Atli, 2003) . Studies carried out with different fish species have shown that heavy metals accumulate mainly in metabolic organs such as liver that stores metals to detoxicate by producing metallothioneins (Carpene and Vasak, 1989; Kargin and Erdem, 1991; Hogstrand and Haux, 1991) .
Heavy metal concentrations were lower in the muscle compared to the liver and gill measured for both species presented in this study. Among the metals, Zn was the highest mean value and Mn was lowest in the muscle. Sing and Ferns (1978) reported that Mn was not accumulated in rainbow trout. Similar results were reported from a number of fish species that the muscle is not an active tissue in accumulating heavy metals (Khan et al., 1989; Carpene and Vasak, 1989; Kargin and Erdem, 1991; Ü nlü, 1998, 2000) . The mean heavy metal concentrations in the muscle tissues of mullet were found to be lower than the data reported for the mullet, L. abu, in the Tigris River (Ü nlü et al., 1996) , for the Liza parsia in the Sunderban, India (Guhathakurta and Kaviraj, 2000) and for the M. cephalus in the Mediterranean Sea (Canli and Atli, 2003) . However, the results of the present study were higher than the concentrations found in the mullet, M. cephalus, in the Göksu Delta (Ayas and Kolankaya, 1996) , Liza ramada in the River Guadalquivir Estuary (Blasco et al., 1999) and M. cephalus in the Gulf of Antalya (Yazkan et al., 2002) . The mean Cu and Zn concentrations in the muscle tissues of catfish, S. triostegus, were found to be higher than the data reported for Silurus glanis in the Gölcük Lake, Ö demis ß -Turkey (Uysal et al., 1987) .
In general, heavy metal levels were higher in the gill than the muscle tissue of fish. Metal concentration in the gill could be due to the element complexion with the mucus that is impossible to completely remove from the lamellae, before tissue is prepared for analysis. The adsorption of metals onto the gill surface, as the first target for pollutants in water, could also be an important influence in the total metal levels of the gill (Heath, 1987) . Results presented in this study indicate that all metals in the gill of mullet are lower than those determined in L. abu in the Tigris River (Ü nlü et al., 1996; Gümgüm et al., 1994) and M. cephalus in the Mediterranean Sea (Canli and Atli, 2003) .
Conclusion
This study was carried out to provide information on heavy metal concentrations in different fish species from the Atatürk Dam Lake. Based on the samples collected, metal concentrations found in edible parts of mullet and catfish are not heavily burdened with metals. The concentrations are below the limit values for fish proposed by FAO (1983) . High levels of heavy metals were found in liver of L. abu and S. triostegus except Cu for the latter. Although fish livers are very seldom consumed, it may represent good biomonitors of metals present in the surrounding environment.
